Energy-dependent changes in conformation and catalytic activity of the chloroplast ATP synthase.
Energy-dependent activation of the chloroplast ATP synthase (CF0CF1) has been elucidated by investigating the conformational changes, the ADP effect, and the catalytic cooperativity of ATP hydrolysis. Conformational change was observed by measuring the reactivity of Lys-109 of the epsilon subunit of chloroplast coupling factor 1 with pyridoxal 5'-phosphate. In the postillumination dark, the Lys-109 reactivity decreased biphasically with half-times of less than 1 and 17 s. NH4Cl accelerated the slow phase decrease. Addition of ADP (0.2 microM) in the postillumination dark inactivated CF0CF1 (0.05 microM) with a half-time of 12 s. At high concentration of CF0CF1 (1.2 microM), inactivation occurred without exogenously added ADP with a half-time of 12 s. Accompanying the inactivation, the positive catalytic cooperativity of ATP hydrolysis decreased. Addition of 10 mM NH4Cl before ADP (0.2 microM) decelerated the ADP-induced inactivation to a half-time of 64 s. Throughout this inactivation, the positive catalytic cooperativity was maintained at a high level. These results suggest three distinct conformations of CF0CF1, EH, EM, and EL, and their ADP binding forms EM-ADP and EL-ADP. EH, EM, and EL have a low affinity for ADP, a high affinity for ADP, and low accessibility to ADP, respectively. EM and EL exhibit highly cooperative ATP hydrolysis. ATP hydrolysis catalyzed by EM-ADP exhibits no cooperativity. EL-ADP is inactive.